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Summary 


Transmission of MERS-CoV was not documented in this sero-epidemiologic follow-up 
investigation of mostly asymptomatic and mildly symptomatic cases and their household 
contacts. This may have implications for isolation policies to reduce risk of transmission to 


others. 
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ABSTRACT 

Background: Although there is evidence of person-to-person transmission of Middle East 
Respiratory Syndrome Coronavirus (MERS-CoV) in household and healthcare settings, more 
data are needed to describe and better understand the risk factors and transmission routes in 
both settings, as well as the extent that disease severity affects transmission. 

Methods: A sero-epidemiological investigation was conducted among Middle East 
Respiratory Syndrome Coronavirus (MERS-CoV) case-patients and their household contacts 
to investigate transmission risk in Abu Dhabi, United Arab Emirates. Cases diagnosed 
between January 1, 2013—May 9, 2014 and their household contacts were approached for 
enrollment. Demographic, clinical, and exposure history data were collected. Sera were 
screened by MERS-CoV nucleocapsid protein (N) ELISA and indirect immunofluorescence, 
with results confirmed by microneutralization assay. 

Results: Ninety-one percent (n=3 1/34) of case-patients were asymptomatic or mildly 
symptomatic and did not require oxygen during hospitalization. MERS-CoV antibodies were 
detected in 13 of 24 (54%) cases with available sera, including 3 asymptomatic, 9 mildly 
symptomatic, and 1 severely symptomatic case-patient. No serologic evidence of MERS- 
CoV transmission was found among 105 household contacts with available sera. 
Conclusions: Transmission of MERS-CoV was not documented in this investigation of 
mostly asymptomatic and mildly symptomatic cases and their household contacts. These 
results have implications for clinical management of cases and formulation of isolation 


policies to reduce the risk of transmission. 


Keywords: Middle East Respiratory Syndrome Coronavirus, Asymptomatic Infection, 


Serology, Transmission, United Arab Emirates 
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TEXT 


Since its discovery in 2012 in the Kingdom of Saudi Arabia, Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV) continues to cause morbidity and mortality in the 
Arabian Peninsula and globally with 2,143 laboratory-confirmed cases and 750 deaths as of 
February 2, 2018 [1]. Though most cases have occurred in the Kingdom of Saudi Arabia [2], 
the United Arab Emirates (UAE) has reported the third highest number of MERS cases since 
2012 [3]. Documented individual risk factors for MERS-CoV include direct exposure to 
dromedary camels during the two weeks prior to illness onset and certain underlying 


conditions, including diabetes mellitus and heart disease [4]. 


The natural history of MERS-CoV continues to be investigated. In a large review of 
MERS-CoV cases from Abu Dhabi, authors found that 10 case-patients with positive 
polymerase chain reaction (PCR) test results for >14 days duration were either asymptomatic 
or mildly symptomatic, highlighting the possibility of potential transmission from these 
persons [5]. Additionally, in a study of 9 healthcare workers in Saudi Arabia, antibodies 
have been found to persist at least 18 months after case-patients experienced severe 
pneumonia, but more variability in antibody detection was documented among case-patients 
with milder disease [6]. Similar findings were documented among case-patients in South 
Korea [7]. A recently published study from Jordan found that antibodies persisted for 34 
months in probable case-patients [8]. Lastly, during the 2015 South Korean outbreak, 
investigators documented that weak antibody responses were associated with disease 


mortality [9]. 


Although there is evidence of person-to-person transmission in household and 
healthcare settings [10-14], more data are needed to describe and better understand the risk 


factors and transmission routes in both settings, as well as the extent that disease severity 
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affects transmission. These data would be of importance to the public health response given 
that approximately 25% of confirmed MERS-CoV cases reported to the World Health 


Organization (WHO) have been described as mildly symptomatic or asymptomatic [15]. 


During January 1, 2013—May 9, 2014, the Department of Health - Abu Dhabi (DOH) 
investigated 65 laboratory-confirmed cases and conducted extensive contact investigations in 
both household and healthcare settings [5]. Through these investigations, 72% of the 
laboratory-confirmed cases reported no symptoms or mild illness [5]. Contacts of cases 
were tested by diagnostic PCRs; however, results could include false negatives due to the 14- 


day incubation period. 


In this investigation, we use serological detection of MERS-CoV antibodies to 
evaluate if asymptomatic or mildly ill case-patients had detectable MERS-CoV antibodies, 
estimate transmission rates from known cases to their household contacts, and identify 


potential risk factors. 


METHODS 
Investigation setting and population 


This investigation occurred in the Emirate of Abu Dhabi, which occupies >80% of the 
UAE’s total area [16] and is comprised of three regions: Abu Dhabi (capital city), Al Ain 
Region, and Al Dhafra. The Emirate of Abu Dhabi has a population of 2.8 million (2015 
estimate) [17]. The Al Ain Region borders Oman and Saudi Arabia and houses the second 
largest city in the Emirate, Al Ain City. While Al Ain City is an oasis, the rest of the region 
primarily consists of desert and mountains. The Al Dhafra Region is mainly desert and rural 


with approximately 285,000 residents and a population density of 8 residents/km” [18]. 
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All laboratory-confirmed MERS-CoV cases (n=65) in the Emirate of Abu Dhabi 
diagnosed between January 1, 2013—May 9, 2014 and their household contacts (n=452) were 
eligible for the investigation. These cases were a convenience sample during the ongoing 
MERS-CoV outbreak. Two (0.5%) of the 431 household contacts tested for MERS-CoV 
during initial contact investigations were PCR-positive and eligible to be enrolled as cases for 
our investigation (Figure 1). The enrolled case was a healthcare worker who might have been 
exposed by another co-worker, who also lived in the case’s household; therefore, the enrolled 
case was a result of either household or healthcare transmission prior to this investigation’s 
initiation. The case not enrolled in this investigation was exposed in the household. 
Household contacts were defined as any person who stayed at least one night at the same 
location as the case-patient during the 14 days prior to the case-patient’s symptom onset or 
the date of first positive specimen if the case-patient was asymptomatic. Excluded cases 
included palace workers and other high-level officials; their associated household contacts 


were also excluded. 


For each MERS-COV case identified in the investigation, clinical information, 
including symptoms, was collected using the International Severe Acute Respiratory and 
Emerging Infection Consortium form, which was filled out in real time by healthcare 
providers and subsequently verified by retrospective chart review. In Abu Dhabi during this 
time period, all individuals who tested positive for MERS-CoV were admitted to a healthcare 


facility for observation and infection control regardless of symptom status. 


The same definitions for case severity were used as Al Hosani et al [5] including the 
following: asymptomatic cases reported no symptoms at the time of a positive test as 
recorded by a healthcare provider in the medical chart; mildly symptomatic cases reported 
symptoms, such as pharyngitis, rhinorrhea, or cough, and did not require oxygen during their 
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hospitalization; and severely symptomatic cases required supplemental oxygenation during 


their hospitalization, ranging from nasal cannula to mechanical ventilation. 


Using data collected from DOH’s surveillance of MERS-CoV cases, households with 
MERS-CoV case-patients were approached. Household contacts that were eligible for the 
investigation included those that had been identified through contact investigations associated 
with the case-patient performed by DOH officials within 24 hours notification. Three 
attempts were made to contact each household. If no response was received after three 
attempts, the household was not enrolled.. Households that agreed to be enrolled were given 
an appointment at the local Disease Prevention and Screening Center (DPSC) for 
questionnaire administration and serum collection. Questionnaires were administered in 
English, Arabic, or, if an interpreter was available, the participant’s native language. Data 
collected included demographics; residence/household description; exposure history to other 
MERS-CoV cases, healthcare settings, and animals; travel history; and medical history, 
including any long-term effects reported by case-patients. For deceased case-patients, a 


proxy completed the case-patient questionnaire using recall. 


Laboratory methods 


The real-time reverse transcription PCR (rRT-PCR) results were obtained from the 
DOH surveillance data. Upper (e.g. nasopharyngeal, oropharyngeal) and lower respiratory 
tract specimens (e.g., sputum, bronchoalveoloar lavage fluid, tracheal aspirates) were 
analyzed using rRT-PCR in the Sheikh Khalifa Medical Center laboratory. Additional 
laboratory result verifications were performed in a random sample of 23 specimens using 


nucleocapsid-based rRT-PCR [5]. 
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Serum samples were inactivated using 2x10° rads gamma irradiation and stored at < - 
70 C until use. Screening of serum specimens by MERS-CoV nucleocapsid (N) ELISA was 
performed at the Sheik Khalifa Medical City in Abu Dhabi, UAE and Centers for Disease 
Control and Prevention. Titers of >1:400 were reported as positive. Recombinant full length 
MERS-CoV N protein indirect ELISA was used to screen serum specimens as described by 


Al-Abdallat et al [19]. 


Serum samples were tested for the presence of neutralizing antibodies to MERS-CoV 
using a microneutralization assay (MNT) [19]. The neutralization titer was measured as the 
reciprocal of the highest serum dilution that completely inhibited Vero cell lysis in at least 
one of the three triplicate wells. Positive and negative controls were included for each MNT 
performed and included back titration and mock-infected cells. Titers of =>1:20 were reported 
as positive. All work with live MERS-CoV was done in Biosafety level 3 containment at the 
Centers for Disease Control and Prevention, Atlanta, Georgia. Immunofluorescence assays 
(IFA) were performed by screening sera at a dilution of 1:50 and 1:100 on paraformaldehyde 
fixed, acetone-methanol permeabilized MERS-CoV (strain MERS-CoV Hu/England- 
N1/2012) infected or uninfected control Vero cells. Antihuman immunoglobulin (Ig)-G, -M 
and —A fluorescein isothiocyanate (FITC) conjugate was used to detect anti- MERS-CoV 
antibodies in human serum, and nuclei were counter-stained with DAPI to allow 
identification of individual MERS-CoV — infected cells. Fluorescence was detected using a 
Zeiss AxioImager fluorescence microscope. The positive control for the assay is a serum 
sample from a patient infected with MERS-CoV Hu/England-N1/2012. A positive result was 
scored when these three conditions were met: cells were evenly stained (instead of punctate 
staining); fluorescence intensity was higher than that of the negative controls; and, signal 


intensity declined with serial dilution. A minimum of 2 negative controls were included with 
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each IFA. Approximately 10 percent of specimens negative by N ELISA were screened by 


both immunofluorescence assay (IFA) and MNT to confirm the negative result. 


MERS-CoV antibody positivity was defined as one of the following: 1) 2 of 3 tests 
(i.e. MERS-CoV N ELISA, MERS-CoV MNT, and IFA) were positive; or 2) MERS Co-V 


MNT was the only positive test. 


Data management and analysis 


Household survey data were entered into electronic forms in Epi Info 7, version 7.1 
(Centers for Disease Control and Prevention, Atlanta, GA, USA). Quality control and 
assurance were performed through Epi Info 7 intelligent codes programmed into the forms. 
Household survey data were merged with the laboratory results, and descriptive analysis was 
completed. Differences in proportions were compared using the Mantel-Haenszel Chi- 
Square test, while differences in continuous variables were compared using the Student’s t- 
test. P < 0.05 was considered statistically significant. Data analysis of the merged dataset 
was conducted with SAS version 9.3 (Statistical Analysis Software Institute, Cary, NC, 


USA). 


Ethical considerations 


Following local customs, informed consent was obtained from the head of the 
household, who provided consent for all members of a household; however, each individual 


was still able to decline participation. This investigation was determined by DOH and CDC 
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to be part of a public health response, not research, and therefore not subject to institutional 


review board review. 


RESULTS 
Description of Households 

Thirty-four case-patients’ households were included (Supplementary Table 1). 
Household residences ranged in size from 7—1100 m? (interquartile range [IQR], 70-200 mô. 
A median of 4 individuals (range, 1—30) lived in the households 14 days prior to the 
diagnosis of a MERS-CoV household case-patient. More than half of MERS-CoV case- 
patients shared a bathroom with others in the household. All households reported having air 


conditioning. 


Description of MERS-CoV cases and household contacts 

Thirty-four cases (52%) and 124 household contacts (27%) participated (Table 1). 
Females comprised a higher proportion of case-patients compared to household contacts 
(70.6% vs. 53.2%), and case-patients were older compared to household contacts (median, 
42 years vs. 31 years). Most case-patients and contacts were from the Al Ain Region of the 
Abu Dhabi Emirate. 

Seventy-one percent (n=24) of case-patients reported working in a healthcare setting 
14 days prior to diagnosis, with nurses being most represented (24%, n=8) (Table 1); only 
24% (n=30) of household contacts worked in a healthcare setting 14 days prior to a case- 
patient’s diagnosis. Compared to household contacts, case-patients less frequently reported 
visiting or owning a farm (12% vs. 14%), but reported camel exposure more frequently (12% 


vs. 7%). 
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Household contacts reported the following frequent exposures to MERS-CoV case- 
patients: hugging (54%, n=67), using the same bathroom (51%, n=63), sharing meals (49%, 
n=61), and kissing or nose-kissing (i.e. rubbing tips of noses against one another) (48%, 
n=60). 

Case-patients reported a higher proportion of underlying medical conditions than 
household contacts, including diabetes (18% vs. 5%, p = 0.01), hypertension (27% vs. 7%, 
p<0.001), kidney failure (6% vs. 2%, p = .03), and heart failure (6% vs. 0%, p <0.01) (Table 
1). Case-patients also reported taking medications for any illness more frequently than 
contacts (38% vs. 17%). 

Three case-patients (9%) reported limitation to activities due to MERS-CoV with a 
median duration of 5 days IQR, 4-24 days) (Table 1). Normal activities were resumed at a 


median of 5 days (IQR, 3-7 days). 


MERS-CoV case-patients by symptom severity 

Of 34 case-patients, 17 (50%) reported being asymptomatic, 14 (41%) reported being 
mildly symptomatic, and 3 (9%) were severely symptomatic. Age and proportion having 
underlying medical conditions increased with symptom severity (Table 2). Symptom 
duration did not have any noticeable trend with symptom severity (data not shown). All 
severe case-patients were treated in the intensive care unit, as well as 1 asymptomatic case, 
who had underlying diabetes, hypertension, and kidney disease. The median days 


hospitalized increased with symptom severity (Table 2). 


Serology results 
Sera were obtained from 24/34 (71%) case-patients and 105/124 (85%) household 


contacts. Among the 24 case-patients with available sera (Table 3), 13 (54%) had detectable 
11 
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MERS-CoV antibodies 45—348 days after the first PCR positive result (Supplementary 
Figures 1A and 1B; median, 55 days, IQR 53-58 days), including 3 asymptomatic, 9 mildly 
symptomatic, and | severely symptomatic case-patient. A mildly symptomatic case-patient 
had detectable MERS-CoV antibodies almost 1 year after the first positive PCR result. There 
were no positive serology results among the household contacts. 

Among the 13 case-patients with detectable antibodies against MERS-CoV, all of 
them were <60 years, with a median age of 43 years, compared to a median of 32 years for 
case-patients without detectable antibodies (Table 4, p = 0.04). Number of days of PCR 
positivity were notably higher among those that had detectable antibodies compared to those 


that did not (median, 15 days vs. 2 days, p = 0.01). 


DISCUSSION 

We describe the results of follow-up of 34 MERS-CoV case-patients and 124 of their 
household contacts from the Emirate of Abu Dhabi during 2013—2014. Notably, serologic 
testing did not find any evidence of MERS-CoV transmission in the households of MERS- 
CoV case-patients in our investigation, suggesting that viral transmission from asymptomatic 
or mildly symptomatic individuals to household contacts does not readily occur. Sera were 
tested with a combination of three different laboratory assays (N ELISA, IFA, and 
microneutralization); we feel confident that individuals identified as “negative” did not 
seroconvert. Although there was clear evidence of household transmission in one household 
not enrolled in this investigation, our investigation’s results did not show evidence of 
additional household transmission. Overall, our findings support current recommendations 
that home isolation may be appropriate for asymptomatic cases and close contacts who are ill 
and do not require hospitalization in consultation with local public health departments [20, 


21]. 
12 
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Because this investigation occurred during May—June 2014, many case-patients were 
recruited from the April 2014 healthcare-associated outbreak at an Al Ain Region hospital 
[22]. A Kingdom of Saudi Arabia study found that while healthcare personnel were at high 
risk for infection, most illness was relatively mild and could be unrecognized, highlighting 
potential undetected transmission of the virus to others [23]. In our investigation, case- 
patients tended to be younger (30-59 years), and most reported working in a healthcare 
setting 14 days prior to their diagnosis where they were exposed to a MERS-CoV case. 
Because most of these case-patients did not have severe underlying illnesses and reported 
being asymptomatic or mildly symptomatic, it is possible that these patients may have had a 
relatively low viral load, decreasing the likelihood of transmission. 

Similar to previous studies, case-patients with severe disease had higher frequency of 
comorbid conditions and required intensive care, including intubation [24-26]. In a recent 
investigation from South Korea, patients with a higher host infectivity, which included 
evaluation of PCR cycle threshold values, along with higher numbers of contacts were more 
likely to transmit MERS-CoV [27]. It is likely that most of the primary case-patients in this 
investigation had lower host infectivity. 

While our investigation found that some asymptomatic or mildly symptomatic case- 
patients had detectable antibodies, we did not find any detectable antibodies in 11 
asymptomatic and mildly symptomatic case-patients. Other studies also did not find 
detectable antibodies in some asymptomatic and mildly ill cases [6, 28]. If seroconversion is 
to occur in case-patients, studies have demonstrated that this usually occurs within the first 
month of illness [28-30]. For the majority of case-patients with detectable antibodies, we 
found persistence of antibody response for several months after the initial diagnosis, even 


close to a year. Additionally, these case-patients had a longer duration of MERS-CoV PCR 
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positivity than those that did not have detectable antibodies, indicating a potential 
relationship between longer viral shedding and seroconversion. 

Previous studies have demonstrated that asymptomatic and mildly symptomatic case- 
patients can test PCR positive >2 weeks from lower respiratory tract specimens [5, 31]. Our 
investigation’s serology results do not provide additional evidence of transmission to 
household contacts, though there is evidence from other settings to suggest limited household 
transmission [11]. Also, very low rates of household transmission have been reported during 
hospital-based outbreaks [19, 32]. More robust transmission studies involving larger 
numbers of case-patients representing a range of clinical and demographic characteristics and 
their contacts are needed to further investigate risk exposures. 

There are several limitations to this investigation. First, serum samples were collected 
at varying intervals after illness onset for each case-patient, potentially affecting serology 
results. The duration of antibody response is unknown. Second, recall bias might have led to 
the misclassification of symptom severity among household contacts; however, for case- 
patients, to minimize this bias, we relied upon retrospective medical chart review, though this 
also might not be as complete since it depended on the initial healthcare provider’s history 
and physical. Third, these case-patients were immediately isolated in hospitals after PCR- 
positive results were discovered. The removal from the household setting might have reduced 
exposure to household contacts although the case-patients were residing with household 
contacts at the time of the contact investigations. Lastly, because our investigation did not 
detect household transmission, we cannot comment on any behaviors or exposures that would 
increase risk among household contacts of case-patients. 

In summary, we did not document additional household transmission in this 
investigation that included a preponderance of asymptomatic and mildly symptomatic 


confirmed MERS-CoV case-patients. Our investigation findings support the 
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recommendation to consider home isolation for asymptomatic and mildly ill cases that do not 
require hospitalization while using proper precautions, including face masks, frequent hand 
washing, and minimizing exposure to the case-patient in the household [20, 21, 33]. While 
no vaccines or antivirals against MERS-CoV are currently available, reducing transmission 
through effective infection control management remains a major priority. Understanding 
transmission risk for different MERS-CoV infected patients who live in different settings will 
be important data that must be factored into prevention strategies. Further studies on human- 
to-human transmission in different settings should be conducted to inform MERS-CoV 


prevention and control guidelines. 


15 


Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy503/5037289 


by guest 
on 19 June 2018 


Acknowledgements: The authors gratefully thank the participants; the teams from the 
Disease Prevention and Screening Center — Al Ain, the Disease Prevention and Screening 
Center — Abu Dhabi, Ghayathi Hospital, and Silla Hospital that supported this investigation 


and Suvang Trivedi and Seyhan Boyoglu-Barnum at the CDC for technical support. 


Disclaimer: The conclusions, findings, and opinions expressed by authors contributing to 
this journal do not necessarily reflect the official position of the U.S. Department of Health 
and Human Services, the Public Health Service, the Centers for Disease Control and 


Prevention, or the authors' affiliated institutions. 


2 


Funding: This work was supported by the U.S. Centers for Disease Control and Prevention. 


Conflict of Interest: No conflicts of interest have been declared for any of the authors. 


Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy503/5037289 


by guest 
on 19 June 2018 


16 


REFERENCES 


1. World Health Organization. Middle East respiratory syndrome coronavirus (MERS-CoV). 
Available at: http://www.who.int/emergencies/mers-cov/en/. Accessed February 2, 2018. 

2. Ben Embarek PK, Van Kerkhove MD. Middle East respiratory syndrome coronavirus 
(MERS-CoV): current situation 3 years after the virus was first identified. Releve 
epidemiologique hebdomadaire / Section d'hygiene du Secretariat de la Societe des Nations = 
Weekly epidemiological record / Health Section of the Secretariat of the League of Nations 
2015; 90(20): 245-50. 

3: World Health Organization. WHO MERS-CoV Global Summary and Risk Assessment, 2016 
December 5 2016. 

4. Alraddadi BM, Watson JT, Almarashi A, et al. Risk Factors for Primary Middle East 
Respiratory Syndrome Coronavirus Illness in Humans, Saudi Arabia, 2014. Emerging 
infectious diseases 2016; 22(1): 49-55. 

5. Al Hosani FI, Pringle K, Al Mulla M, et al. Response to Emergence of Middle East 
Respiratory Syndrome Coronavirus, Abu Dhabi, United Arab Emirates, 2013-2014. Emerging 
infectious diseases 2016; 22(7): 1162-8. 

6. Alshukairi AN, Khalid I, Ahmed WA, et al. Antibody Response and Disease Severity in 
Healthcare Worker MERS Survivors. Emerging infectious diseases 2016; 22(6). 

7. Choe PG, Perera R, Park WB, et al. MERS-CoV Antibody Responses 1 Year after Symptom 
Onset, South Korea, 2015. Emerging infectious diseases 2017; 23(7): 1079-84. 

8. Payne DC, Iblan I, Rha B, et al. Persistence of Antibodies against Middle East Respiratory 
Syndrome Coronavirus. Emerging infectious diseases 2016; 22(10): 1824-6. 

9. Min CK, Cheon S, Ha NY, et al. Comparative and kinetic analysis of viral shedding and 
immunological responses in MERS patients representing a broad spectrum of disease 
severity. Scientific reports 2016; 6: 25359. 

10. Oboho IK, Tomczyk SM, Al-Asmari AM, et al. 2014 MERS-CoV outbreak in Jeddah--a link 


to health care facilities. The New England journal of medicine 2015; 372(9): 846-54. 


17 


Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy503/5037289 
by guest 
on 19 June 2018 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


Drosten C, Meyer B, Muller MA, et al. Transmission of MERS-coronavirus in household 
contacts. The New England journal of medicine 2014; 371(9): 828-35. 

Assiri A, McGeer A, Perl TM, et al. Hospital outbreak of Middle East respiratory syndrome 
coronavirus. The New England journal of medicine 2013; 369(5): 407-16. 

Memish ZA, Zumla AI, Al-Hakeem RF, Al-Rabeeah AA, Stephens GM. Family cluster of 
Middle East respiratory syndrome coronavirus infections. The New England journal of 
medicine 2013; 368(26): 2487-94. 

Arwady MA, Alraddadi B, Basler C, et al. Middle East Respiratory Syndrome Coronavirus 
Transmission in Extended Family, Saudi Arabia, 2014. Emerging infectious diseases 2016; 
22(8): 1395-402. 

World Health Organization. Middle East respiratory syndrome coronavirus (MERS-CoV) — 
Update: Disease Outbreak News. Available at: 
http://www.who.int/csr/don/2014_06_13_mers/en/. Accessed March 15, 2017. 

National Geographic. Abu Dhabi Facts. Available at: 
http://travel.nationalgeographic.com/travel/countries/abu-dhabi-facts/. Accessed October 27, 
2015. 

Abu Dhabi Government. Abu Dhabi Emirate: Facts and Figures. Available at: 
https://www.abudhabi.ae/portal/public/en/abu-dhabi-emirate/abu-dhabi-emirate-facts-and- 
figures. Accessed March 28, 2017. 

Statistical Yearbook of Abu Dhabi 2013. Available at: 
http://government.ae/documents/10138/3525509/S YB+2013+English+- 
full+version.pdf/324407c4-8e0d-4d09-abab-6983547234c8. Accessed October 27, 2015. 
Al-Abdallat MM, Payne DC, Alqasrawi S, et al. Hospital-associated outbreak of Middle East 
respiratory syndrome coronavirus: a serologic, epidemiologic, and clinical description. 
Clinical infectious diseases : an official publication of the Infectious Diseases Society of 


America 2014; 59(9): 1225-33. 


18 


Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy503/5037289 


by guest 
on 19 June 2018 


20. 


21. 


22; 


23. 


24. 


25. 


26. 


27. 


World Health Organization. Management of asymptomatic persons who are RT-PCR positive 
for Middle East respiratory syndrome coronavirus (MERS-CoV): Interim Guidance. 
Available at: 
http://apps.who.int/iris/bitstream/10665/180973/1/WHO_MERS_IPC_15.2_eng.pdf?ua=1 &u 
a=1. Accessed February 2, 2018. 

Centers for Disease Control and Prevention. Implementing Home Care and Isolation or 
Quarantine of People Not Requiring Hospitalization for MERS-CoV. Available at: 
https://www.cdc.gov/coronavirus/mers/hcp/home-care.html. Accessed February 6, 2018. 
Hunter JC, Nguyen D, Aden B, et al. Transmission of Middle East Respiratory Syndrome 
Coronavirus Infections in Healthcare Settings, Abu Dhabi. Emerging infectious diseases 
2016; 22(4): 647-56. 

Alraddadi BM, Al-Salmi HS, Jacobs-Slifka K, et al. Risk Factors for Middle East Respiratory 
Syndrome Coronavirus Infection among Healthcare Personnel. Emerging infectious diseases 
2016; 22(11): 1915-20. 

Arabi YM, Arifi AA, Balkhy HH, et al. Clinical course and outcomes of critically ill patients 
with Middle East respiratory syndrome coronavirus infection. Annals of internal medicine 
2014; 160(6): 389-97. 

Saad M, Omrani AS, Baig K, et al. Clinical aspects and outcomes of 70 patients with Middle 
East respiratory syndrome coronavirus infection: a single-center experience in Saudi Arabia. 
International journal of infectious diseases : JID : official publication of the International 
Society for Infectious Diseases 2014; 29: 301-6. 

Arabi YM, Balkhy HH, Hayden FG, et al. Middle East Respiratory Syndrome. The New 
England journal of medicine 2017; 376(6): 584-94. 

Kim SW, Park JW, Jung HD, et al. Risk factors for transmission of Middle East respiratory 
syndrome coronavirus infection during the 2015 outbreak in South Korea. Clinical infectious 
diseases : an official publication of the Infectious Diseases Society of America 2017; 64(5): 
551-7. 


19 


Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy503/5037289 


by guest 
on 19 June 2018 


28. 


29. 


30. 


31. 


32. 


33. 


Ko JH, Muller MA, Seok H, et al. Serologic responses of 42 MERS-coronavirus-infected 
patients according to the disease severity. Diagn Microbiol Infect Dis 2017; 89(2): 106-11. 
Corman VM, Albarrak AM, Omrani AS, et al. Viral Shedding and Antibody Response in 37 
Patients With Middle East Respiratory Syndrome Coronavirus Infection. Clinical infectious 
diseases : an official publication of the Infectious Diseases Society of America 2016; 62(4): 
477-83. 

Park WB, Perera RA, Choe PG, et al. Kinetics of Serologic Responses to MERS Coronavirus 
Infection in Humans, South Korea. Emerging infectious diseases 2015; 21(12): 2186-9. 
Al-Gethamy M, Corman VM, Hussain R, Al-Tawfig JA, Drosten C, Memish ZA. A case of 
long-term excretion and subclinical infection with Middle East respiratory syndrome 
coronavirus in a healthcare worker. Clinical infectious diseases : an official publication of the 
Infectious Diseases Society of America 2015; 60(6): 973-4. 

Hall AJ, Tokars JI, Badreddine SA, et al. Health care worker contact with MERS patient, 
Saudi Arabia. Emerging infectious diseases 2014; 20(12): 2148-51. 

Centers for Disease Control and Prevention. Interim Guidance for Healthcare Professionals. 
Available at: https://www.cdc.gov/coronavirus/mers/interim-guidance.html. Accessed 


February 2, 2018. 


20 


Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy503/5037289 


by guest 
on 19 June 2018 


Table 1. Characteristics of MERS-CoV Case-patients (N=34) and Household Contacts 


(N=124) 


























Characteristic MERS- Household 
CoV Case- | Contacts 
patients n(%) 
n(%) 
Demographics 
Gender 
Male 10 (29.4) 58 (46.8) 
Female 24 (70.6) 66 (53.2) 
Age (years) 
0-19 1 (2.9) 45 (36.3) 
20-29 4 (11.8) 16 (12.9) 
30-59 25 (73.5) 62 (50.0) 
60+ 4 (11.8) 1 (0.8) 
Nationality 
Emirati 4 (11.8) 47 (37.9) 
KSA 0 (0) 0 (0) 
Oman 2 (5.9) 6 (4.8) 
Bangladesh 1 (2.9) 9 (7.3) 
India 4 (11.8) 12 (9.7) 
Pakistan 2 (5.9) 13 (10.5) 
Jordan 1 (2.9) 1 (0.8) 
Philippines 12 (35.3) 13 (10.5) 
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Other 8 (23.5) 23 (18.5) 





Region of residence 


Al Ain 30 (88.2) 86 (69.4) 
Al Dhafra 2 (5.9) 36 (29) 
Abu Dhabi 2 (5.9) 2 (1.6) 











Exposure History 











Contact with MERS-CoV positive 

household member 
Care 3 (8.8) 31 (25.0) 
Housecleaning 2 (5.9) 28 (22.6) 
Prepared food 3 (8.8) 18 (14.5) 
Shared meals 4 (11.8) 61 (49.2) 
Shared utensils 3 (8.8) 14 (11.3) 
Eat with hands from same dish | 1 (2.9) 37 (29.8) 
Use same bathroom 0 (0) 63 (50.8) 
Sleep overnight in same room 1 (2.9) 45 (36.3) 
Sleep in same bed 0 (0) 15 (12.1) 
Hug 2 (5.9) 67 (54.0) 
Kiss/Nose-Kiss 2 (5.9) 60 (48.4) 

Contact with others in community 1 (2.9) 20 (16.1) 

with respiratory symptoms 30 days 

prior to MERS-CoV diagnosis 

Worked in a healthcare setting 14 day | 24 (70.6) 30 (24.2) 

prior to diagnosis 
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Visited healthcare setting 9 (26.5) 15 (12.1) 





Animal exposures 





Own or visit farm 4 (11.8) 17 (13.7) 

Camel 4 (11.8) 9 (7.3) 
Travel 30 days prior to 5 (14.7) 8 (6.5) 
diagnosis/illness 











Clinical Characteristics 

















Underlying medical conditions 
Diabetes 6 (17.6) 6 (4.8) 
Asthma 3 (8.8) 11 (8.9) 
Hypertension 9 (26.5) 8 (6.5) 
Kidney failure 2 (5.9) 2 (1.6) 
Heart failure 2 (5.9) 0 (0) 
Chronic anemia 0 (0) 2 (1.6) 
Cancer 0 (0) 1 (0.8) 
Take medications for any illness 13 (38.2) 21 (16.9) 
Limitations to activities due to illness | 3 (8.8) n/a 
Days (median, IQR) 5 (4-24) n/a 
Days until able to resume normal 5 (3-7) n/a 
activities (median, IQR) 

















n/a = not applicable 
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Table 2. Characteristics of MERS-CoV Case-patients by Symptom Severity (N=34) 




































































Asymptomat Mildly Severely 
ic symptomatic symptomatic All 
n=17 n=14 n=3 N=34" 
No. % “No. % “No. % No. % 
DEMOGRAPHICS 
Gender 
Female 3 (17.6) |7 (50.0) 0 (0) 10 | (29.4) 
Male 14 | (82.4) |7 (50.0) 3 (100.0) 24 | (70.6) 
Age 
Median (IQR) 37 | (30—45) | 42 (38—48) |59 (40—65) 42 | (32-48) 
0-19 years 0 (0) 1 (7.1) 0 (0) 1 (2.9) 
20-29 years 4 (23.5) 10 (0) 0 (0) 4 (11.8) 
30-59 years 10 | (58.8) | 13 (92.9) 2 (66.7) 25 (73.5) 
60 + years 3 (17.6) |0 (0) 1 (33.3) 4 (11.8) 
Nationality 
Bangladesh 1 (5.9) 0 (0) 0 (0) 1 (2.9) 
Emirati 2 (11.8) |1 (7.1) 1 (33.3) 4 (11.8) 
India 1 (5.9) 2 (14.3) 1 (33.3) 4 (11.8) 
Jordan 1 (5.9) 0 (0) 0 (0) 1 (2.9) 
Oman 0 (0) 1 (7.1) 1 (33.3) 2 (5.9) 
Pakistan 2 (11.8) 10 (0) 0 (0) 2 (5.9) 
Philippines 5 (29.4) |7 (50.0) 0 (0) 12 | (35.3) 
Other 5 (29.4) 13 (21.4) 0 (0) 8 (23.5) 
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Region 
















































































Al Ain 16 | (94.1) 12 (85.7) (66.7) 30 (88.2) 
Al Dhafra 1 (5.9) 0 (0) (33.3) 2 (5.9) 
Abu Dhabi 0 (0) 2 (14.3) (0) 2 (5.9) 

EXPOSURE HISTORY 

Contact with MERS- 

CoV positive household 

member 
Care 1 (5.9) 2 (14.3) (0.0) 3 (8.8) 
Clean house 0 (0.0) 2 (14.3) (0.0) 2 (5.9) 
Prepare food 0 (0.0) 3 (21.4) (0.0) 3 (8.8) 
Eat meal 0 (0.0) 4 (28.6) (0.0) 4 (11.8) 
Shared utensils 0 (0.0) 3 (21.4) (0.0) 3 (8.8) 
Eat with hands from 
same dish 0 (0.0) 1 (7.1) (0.0) 1 (2.9) 
Used the same 
bathroom 0 (0.0) 0 (0.0) (0.0) 0 (0.0) 
Sleep overnight 1 (5.9) 0 (0.0) (0.0) 1 (2.9) 
Sleep in the same 
bed 0 (0.0) 0 (0.0) (0.0) 0 (0.0) 
Hug 1 (5.9) 1 (7.1) (0.0) 2 (5.9) 
Kiss/Nose-Kiss 1 (5.9) 1 (7.1) (0.0) 2 (5.9) 

Contact with person 

with respiratory 0 (0.0) 1 (7.1) (0.0) 1 (2.9) 
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symptoms past 14 days 





Work at healthcare 14 







































































days prior dx 12 | (70.6) | 12 (85.7) 0 (0.0) 24 =| (70.6) 
Visited healthcare 
facilities 3 (17.6) 15 (35.7) 1 (33.3) 9 (26.5) 
Visited farm 3 (17.6) |0 (0.0) 1 (33.3) 4 (11.8) 
Camel exposure 2 (11.8) |1 (7.1) 1 (33.3) 4 (11.8) 
Traveled 30 days before 
diagnosis 3 (17.6) |1 (7.1) 1 (33.3) 4 (11.8) 
CLINICAL CHARACTERISTICS 
Underlying medical 
conditions 
Diabetes 3 (17.6) |1 (7.1) 2 (66.7) 6 (17.6) 
Asthma 1 (5.9) 2 (14.3) 0 (0.0) 3 (8.8) 
Hypertension 5 (29.4) 2 (14.3) 2 (66.7) 9 (26.5) 
Heart failure 0 (0.0) 1 (7.1) 1 (33.3) 2 (5.9) 
Kidney failure 1 (5.9) 0 (0.0) 1 (33.3) 2 (5.9) 
Chronic medications 6 (35.3) | 4 (28.6) 3 (100.0) 13 (38.2) 
ICU Care 1 (5.9) 0 (0) 3 (100.0) 4 (11.8) 
Intubated 0 (0) 0 (0) 2 (66.7) 2 (5.9) 
Days hospitalized 
(median, IQR) 9 (6-12) |19 (18-24) |26 (5-35) 19 (12-26) 








Duration since positive 


PCR test 
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Days, Median (IQR) 51 | (47-56) | 56 (54-66) | 80 (49-87) 55 (49-58) 
1 month 1 (5.9) 0 (0) 0 (0) 1 (2.9) 
2 months 15 |(88.2) |10 (71.4) 1 (33.3) 26 (76.5) 
3 months 0 (0) 2 (14.3) 2 (66.7) 4 (11.8) 
1 year 1 (5.9) 2 (14.3) 0 (0) 3 (8.8) 
Days of PCR positivity 
(median, IQR) 4 (1-8) 11 (2-16) 1 (1-23) 5 (1-14) 
Serology testing 
available 10 | (58.8) |13 (92.9) 1 (33.3) 24 | (70.6) 
Seroconversion 3 (30.0) 9 (69.2) 1 (100.0) 13 (54.2) 
Symptoms at 30 days’ 1 (5.9) 2 (14.3) 0 (0) 3 (8.8) 
Limitation of activities 2 (11.8) 10 (0) 1 (33.3) 3 (8.8) 





























IQR = interquartile range 


* Denominator = Serology testing available. 


j Asymptomatic patient had cough at 30 days; mildly symptomatic: cough (1), muscle aches 


(1) 
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1* 2” 
N 
Specimen | N M Specimen 
Case Age | Gender | Severity ELISA JI 
Collection | ELISA Titer Interpretation | Collection 
Titer 
Date Titer 
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i 
a 
Z 
ra 
la 
Leal 


Table 3. Available serology results for MERS-CoV case-patients (N=24) 
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Mnt 
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< 
< 
< 
< 
< 
< 
< 
< 
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20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 


: 
N 
Specimen Final 
ELISA |IFA 
Interpretation | Collection Interpretation 
Titer 
Sna 
ncaa 
[acca 
oan 
eee 
cece aE SENE 
feed 
asin A 
a 
cial 
hase 
NE 


POSITIVE 6/9/2014 G <20 NEGATIVE 
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18 52 |F Mild 4/10/2014 | 1600 POS | <20 POSITIVE 4/30/2014 | 400 


POS 
" 
| 


POSITIVE 6/19/2014 | <400 ND NEGATIVE 


19 55 


ND 


<20 <20 
ial all a ee ee 
a aa al S T T 
02 
M 4/13/2014 | >6400 POS | 40 POSITIVE 6/11/2014 | >1:6400 | POS POSITIVE 
requirement 


IFA = immunofluorescence assay; MNT = microneutralization assay; ND = not detected; POS = positive; NEG = negative 


ND 
ND 
ND 


ND 
ND 
ND 
160 
<20 





oe 
pS 
—_ 
ZZ 
a 


* Specimen collection date and N ELISA titer not available for this case-patient. 


MERS-CoV N EIA: <400 titer is considered negative. 

MERS-CoV IFA POS: Positive IFA at 1:50 and/or 1:100 serum dilution 
MERS Co-V IFA NEG: Negative IFA at 1:50 

MERS-COV MNT: <20 titer is considered negative. 


ND: Not determined 


Two criteria constituted a positive test result: a positive ELISA test and confirmation by IFA and/or microneutralization assay or a >20 microneutralization titer. 
(1) If a specimen was positive by both ELISA and IFA, the specimen was determined to be positive. 

(2) If a specimen was positive by microneutralization, then regardless of IFA and ELISA results, the specimen was determined to be positive. 

(3) If a specimen was positive by ELISA, indeterminate or negative by IFA, CDC then performed additional confirmatory testing (i.e. microneutralization). 

(4) If a specimen was positive by ELISA, indeterminate by IFA, and positive by microneutralization, the specimen was determined to be positive. 


(5) If a specimen was positive by ELISA, indeterminate or negative by IFA, and negative by microneutralization, the specimen was determined to be negative. 
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Table 4. Characteristics of MERS-CoV Case-patients with Available Serology, by Status of 


MERS-CoV Detectable Antibodies (N=24) 



























































MERS-CoV Detectable Antibodies Total P-value 
No Yes n=24 
n=11 n=13 
No. % No. % No. % 
Gender 0.85 
Female 3 (27.3) 4 (30.8) 7 (29.2) 
Male 8 (72.7) 9 (69.2) 17 (70.8) 
Age 
Median (IQR) 32 (29—44) 43 (40—48) (32- 0.04 
41 is 
0-19 years 1 (9.1) 0 (0.0) 1 (4.2) 0.17 
20-29 years 2 (18.2) 1 (7.7) 3 (12.5) 
30-59 years 8 (72.7) 12 (92.3) 20 (83.3) 
Nationality* 0.79 
Bangladesh 1 (9.1) 0 (0.0) 1 (4.2) 
Emirati 2 (18.2) 0 (0.0) 2 (8.3) 
India 0 (0.0) 3 (23.1) 3 (12.5) 
Oman 0 (0.0) 1 (7.7) 1 (4.2) 
Pakistan 1 (9.1) 1 (7.7) 2 (8.3) 
Philippines 5 (45.5) 5 (38.5) 10 (41.7) 
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Other* 2 (18.2) 3 (23.1) 5 (20.8) 

Region 1.00 
Al Ain 9 (81.8) 11 (84.6) 20 (83.3) 

Al Dhafra 1 (9.1) 1 (7.7) 2 (8.3) 

Abu Dhabi 1 (9.1) 1 (7.7) 2 (8.3) 
Duration of stay 0.07 
in same house 

as a MERS- 

CoV case 

1 day 4 (36.4) 0 (0.0) 4 (16.7) 

2-7 days 6 (54.5) 6 (46.2) 12 (50.0) 

8-14 days 0 (0.0) 4 (30.8) 4 (16.7) 

15-21 days 1 (9.1) 2 (15.4) 3 (12.5) 

22+ days 0 (0.0) 1 (7.7) 1 (4.2) 

Days of PCR 0.005 
positivity 2 (1-8) 15 (4-21) 8 (2-16) 
(median, IQR) 

Number of days 0.008 
being PCR 

positive 

<7 days 8 (72.7) 4 (30.8) 12 (50.0) 

7-14 days 2 (18.2) 2 (15.4) 4 (16.7) 

15-21 days 1 (9.1) 4 (30.8) 5 (20.8) 
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>21 days 0 (0.0) 3 (23.1) 3 (12.5) 
Duration since 0.45 
last PCR+ test 

1 month 1 (9.1) 0 (0.0) 1 (4.2) 

2 months 7 (63.6) 11 (84.6) 18 (75.0) 

3 months 1 (9.1) 1 (7.7) 2 (8.3) 

1 year 2 (18.2) 1 (7.7) 3 (12.5) 
Severity 0.04 
Asymptomatic 7 (63.6) 3 (23.1) 10 (41.7) 

Mild symptoms | 4 (36.4) 9 (69.2) 13 (54.2) 

O2 requirement |O (0.0) 1 (7.7) 1 (4.2) 


























IQR = interquartile range 


* For case-patients with no detectable antibodies, “other” includes: Syria (1) and Turkey (1). For case- 


patients with detectable antibodies, “other” includes Nepal (1), Sudan (1), and Tunisia (1). 
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Figure 1. Flow diagram of MERS-CoV household contacts eligible for this serologic investigation. 


Figure 1. Flow diagram of MERS-CoV household contacts eligible for this serologic investigation. 





452 household contacts identified 
through contact investigations of 
MERS-CoV cases 











21 not tested by PCR 
during initial contact 
investigation 


431 tested by PCR 
during initial contact 
investigation 





2 PCR positive cases 
(with 1 case each in 2 
households) 








429 PCR negative 





1 PCR positive case 
enrolled as a case-patient 
in this investigation 
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